The aim of this work is the optimization of a uniaxially compressed stiffened plate subjected to static and fatigue loading. The design variables are the thickness of the base plate, the number and stiffeners of the orthogonally stiffened plate. The constraints deal with the static overall plate buckling, the stiffener failure and the fatigue strength of the welded connections between the stiffeners and the interaction of the two types of failure. The cost function includes the cost of material, assembly, welding and painting. Randomness is considered both in loading and material properties. A level II reliability method (FORM) is employed. The overall structural reliability is obtained by using Ditlevsen method of conditional bounding. The costs of the plate designed to ensure a stipulated probability of failure will be compared with the solutions obtained for a code based method, which employs partial safety factors.
Introduction
Stiffened plates are often the main structural components of load-carrying structures such as bridges, columns, towers, platforms, vehicles etc. The aim of this work is the optimization of a uniaxially compressed stiffened plate. The thickness of the base plate as well as the numbers and dimensions of the longitudinal and transverse stiffeners are sought, which fulfil the design and fabrication constraints and minimize the cost function. The constraints relate to the static overall plate buckling, to the stiffener induced failure and to the fatigue strength of welded connections between the stiffeners. Interaction of the two types of failure, buckling and fatigue can be more dangerous than each individually: the fatigue crack propagation might affect the development of buckling. The buckling constraints are formulated according to the Det Norske Veritas design rules, the fatigue strength constraint is expressed using the data of Eurocode 3. The fabrication constraints limit the maximal number of stiffeners in one direction to ensure the welding of welds connecting the stiffeners to the base plate. The cost function includes the cost of material, assembly, welding and painting and is formulated according to Farkas,J., Jármai,K.(2003) . Stresses and displacements can be computed given the deterministic parameters of loads, geometry and material behaviour. Some structural codes specify a maximum probability of failure within a given reference period (lifetime of the structure). This probability of failure is ideally translated into partial safety factors and combination factors by which variables like strength and load have to be divided or multiplied to find the so called design values. The structure is supposed to have met the reliability requirements when the limit states are not exceeded. The advantage of code type level I method (using partial safety factors out of codes) is that the limit states are to be checked for only a small number of combinations of variables. The safety factors are often derived for components of the structure disregarding the system behaviour. The disadvantage is lack of accuracy. This problem can be overcome by using more sophisticated reliability methods such as level II (first order second order reliability method, FOSM [4] and level III (Monte Carlo) reliability methods. In this work FOSM was used and the sensitivity information was obtained analytically. Besides stipulating maximum probabilities of failure for the individual modes, the overall probability of failure which account for the interaction by correlating the modes of failure is considered. A branch and bound strategy coupled with a entropy-based algorithm is used to solve the reliability-based optimization. The entropy-based procedure is employed to find optimum continuous design variables giving lower bounds on the decision tree and the discrete solutions are found by implicit enumeration. Results are given comparing deterministic and reliability-based solutions and show how the optimum solution changes with the axial force and loading amplitude used to describe fatigue. 
It can be seen from the load-carrying capacity formula N E that, when a 0 >b 0 , to have a larger N E , B x (h x ) should be larger than B y (h y ). From the theoretical buckling strength σ E the critical strength σ cr is calculated by using a slenderness λ to take into account the effect of initial imperfections. The factored compressive force is calculated as 
Constraint on stiffener torsional buckling according to DNV
The constraint is formulated as
Constraint on fatigue strength of welded connections of stiffeners
The constraint on fatigue strength is defined by
where α 0 is the interaction factor to avoid the danger of interaction of the buckling and fatigue phenomena, ∆N is the variable load range, ∆σ N is the fatigue stress range corresponding to the number of cycles N C , γ Mf is the safety factor for fatigue.
Cost function
The cost function includes the cost of material, assembly, welding as well as painting and is formulated according to the fabrication sequence. The cost of material 0 1 
Welding of (n y -1) stiffeners to the base plate in x direction with double fillet welds. These stiffeners should be interrupted and welded with fillet welds to the stiffeners in the y direction.
which is rounded to 0.4t wy . Painting
-6 $/mm 2 , Θ P = 2, Surface to be painted
Reliability-based optimization
A failure event may be described by a functional relation, the limit state function, in the following way F={g(x)≤0} (14) In the case the limit state function g (x) is a linear function of the normally distributed basic random variables x the probability of failure can be written in terms of the linear safety margin M as:
(15) which reduces to the evaluation of the standard normal distribution function
where  is the reliability index given as
The reliability index has the geometrical interpretation as the smallest distance from the line (or the hyperplane) forming the boundary between the safe domain and the failure domain. The evaluation of the probability of failure reduces to simple evaluations in terms of mean values and standard deviations of the basic random variables. When the limit state function is not linear in the random variables x, the linearization of the limit state function in the design point of the failure surface represented in normalised space u. was proposed in Hasofer, A.M. & Lind, N.C. (1974) ,
As one does not know the design point in advance, this has to be found iteratively in a number of different ways. Provided that the limit state function is differentiable, the following simple iteration scheme may be followed:
(20) which will provide the design point u* as well as the reliability index β. The reliability assessment requires an enumeration of the reliability indices associated with limit state functions to evaluate the structural system probability of failure. Collapse modes are usually correlated through loading and resistances. For this reason, several investigators considered this problem by finding bounds for p F . By taking into account the probabilities of joint failure events such as
which means the probability that both events i F and j F will simultaneously occur. The resulting closed-form solutions for the lower and upper bounds are as follows:
The above bounds can be further approximated using Ditlevsen (1979) method of conditional bounding [10] to find the probabilities of the joint events. This is accomplished by using a Gaussian distribution space in which it is always possible to determine three numbers 
In which  i and  j are the safety indices of the ith and the jth failure mode and [ ] is the standardized normal probability distribution function. The probabilities of the joint events P(F i F j ) in (8) and 89) are then approximated by the appropriate sides of (23) and (24). For example, if F i and F j are positively dependent for the lower (21) and upper (22) bounds it is necessary to use the approximations given by the upper (24) and lower (23) bounds, respectively.
Optimization Strategy

Branch and Bound
The problem is non-linear and the design variables are discrete. Given the small number of discrete design variables an implicit branch and bound strategy was adopted to find the least cost solution. The two main ingredients are a combinatorial tree with appropriately defined nodes and some upper and lower bounds to the optimum solution associated the nodes of the tree. It is then possible to eliminate a large number of potential solutions without evaluating them. Three levels were considered in the combinatorial tree. The plate thickness is fixed at the top of the tree, the remaining levels corresponding to n x (and the appropriate UB profile h x ) and n y associated with h y . A strong branching rule was employed. Each node can be branched into n s new nodes, each of these being associated with the number of stiffners needed in the x direction. This requires using continuous values close to the geometric characteristics of an UB section,  
, which are approximated by curve-fitting functions written as a function of h. The stiffener height is also obtained from a curve fitting of the heights h. Care has to be taken to find geometrical properties leading to convex underestimates of the actual UB section, so that the solution obtained by using the real UB geometric characteristics is more costly than the solution given by using continuous approximations. In the second level of the tree the branches correspond to different stiffener UB profiles. At the third level the resulting minimum discrete solution becomes the incumbent solution (upper bound). Any leaf of the tree whose bound is strictly less than the incumbent is active. Otherwise it is designated as terminated and need not to be considered further. The B&B tree is developed until every leaf is terminated. The branching strategy adopted was breadth first, consisting of choosing the node with the lower bound.
6.2 Optimum design with continuous design variables For solving each relaxed problem with continuous design variables the simultaneous minimization of the cost and constraints is sought. All these goals are cast in a normalized form. For the sake of simplicity, the goals and variables described in the following deal with stiffened shells. If a reference cost 0 K is specified, this goal can be written in the form,    
